













The Crucial Role of Additive 
Manufacturing at NASA
Abstract:
At NASA, the first steps of the Journey to Mars are well underway with the 
development of NASA’s next generation launch system and investments in 
research and technologies that should increase the affordability, capability, and 
safety of exploration activities.
Additive Manufacturing presents a disruptive opportunity for NASA to design 
and manufacture hardware with new materials at dramatically reduced cost and 
schedule. Opportunities to incorporate additive manufacturing align very well 
with NASA missions and with most NASA programs related to space, science, 
and aeronautics. The Agency also relies on many partnerships with other 
government agencies, industry and academia.
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Agenda
• NASA’s Journey to Mars – Where will Additive Manufacturing 
Contribute?
• Background 
• National Landscape 
• In Space Manufacturing Initiative (ISM)
• Additive Manufacturing of Liquid Rocket Engine Components
• Proposed Engineering and Quality Standard for Additively 
Manufactured Spaceflight Hardware
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• Enables a new class of NASA missions 
beyond low Earth Orbit. 
• Delivers innovative solutions that 
dramatically improve technological 
capabilities for NASA and the Nation.  
• Develops technologies and capabilities 
that make NASA’s missions more 
affordable and more reliable.
• Invests in the economy by creating 
markets and spurring innovation for 
traditional and emerging aerospace 
business.
• Engages the brightest minds from 
academia in solving NASA’s tough 
technological challenges.



















Deep Space Navigation, 
Avionics
Advanced Life 
Support & Resource 
Utilization
Entry Descent and 
Landing Systems






Space Technology focus investments in 7 thrust areas that are key to 





Additive Manufacturing Path to Exploration





















































































Manufacturing USA: Nat’l Network for Mfg Innov
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America Makes
The Additive Manufacturing Institute
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• NASA continues to show progress in developing additive manufacturing 
materials and process models. 
• Demonstrated 3-D models for modeling part distortion and stresses in 
selective laser melting additive part manufacturing resulting from given 
process parameters.
• Developed and demonstrated in-situ monitoring techniques for SLM 
processing and defined requirements for implementing closed loop control.
• Thermal models of the melt pool were demonstrated to reduce the process 
parameters development by over 80% in one test case.
• Volumetric residual stress measurements were completed at Oak Ridge 




















































































































• Includes  
materials 
characterizati
on database in 
MAPTIS
• Design & test 
high-value 
components 
for ISS & 
Exploration 
(ground & ISS) 

















Automated Construction of Expeditionary Structures (ACES)
Additive Construction with Mobile Emplacement (ACME)







































(6’ x 6’ x 
8’)
• Sorel-type cement       
(Mg0-based)
• Sulfur cement


































































Fundamental Additive Manufacturing M&P Development
Building Foundational Additive Manufacturing 
Industrial Base
Relevant Environment Testing


























































Key Knowledge Gaps and Risks
Knowledge gaps exist in the basic understanding of AM Materials and Processes, 




























• MSFC AM Standard drafted in 
summer 2015.
• Draft standard completed 
extensive peer review in Jan 
2016.
• Final revision currently in work; 
target release date of Dec 2016.
• Standard methodology adopted 
by CCP, SLS, and Orion.
• Continuing to watch progress 
of standards organizations and 
other certifying Agencies.
• Goal is to incorporate AM 
requirements at an appropriate 
level in Agency standards 
and/or specifications.
AM Qualification and Certification at NASA
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National Aeronautics and
Space Administration
Thank you!
Technology Drives Innovation
www.nasa.gov/spacetech
